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a  b  s  t  r  a  c  t
Morphometric  differences  were  used  to  elucidate  the  stock  geographic  variations  and  phylogeography  of
Macrobrachium  nipponense  in  Taiwan.  Eight  samples  were  collected  from  three  estuaries  (Tamsui  River
Estuary [TSE],  Kaoping  River  Estuary  [KPE],  and  Houlung  River  Estuary  [HLE])  and ﬁve reservoirs  (Shi-
men  Reservoir  [SMR],  Mingde  Reservoir  [MDR],  Deji  Reservoir  [DJR],  Tsengwen  Reservoir  [TWR],  and
Chengqing  Lake Reservoir  [CLR]).  Twelve  morphometric  measurements  were  size-standardized  by  the
allometric  method  and  via  Cluster  Analysis  and  Canonical  Variate  Analysis  (CVA).  Randomisation  tests
were  used  to verify  the  morphometric  variation  between  groups.  The  results  clustered  the eight samples
into  a  minimum  of three  groups.  The  ﬁrst group  included  four reservoir  samples  (i.e. DJR,  MDR,  CLR,  and
TWR);  the  second  included  the SMR  sample,  and  the  third  comprised  the  remaining  estuarine  samplesacrobrachium nipponense (i.e.  TSE,  HLE,  and  KPE).  Morphometric  variation  among  the  three  groups  was  signiﬁcant  for  each  sex.
Signiﬁcant  differences  between  these  three  groups  may  be  derived  from  evolutionary  origins,  geographic
events  or  environmental  adaption  which  was  discussed  in  the  paper.  The  difference  between  multivariate
allometric  coefﬁcients  in both  sexes  and sites  were  also  tested  based  on the  eight group  data  sets,  and
the  result  showed  that  the  difference  between  sexes  was  signiﬁcant.
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In order to effectively manage ﬁshery resources, identiﬁcation
f the population structure of an explored species is necessary
Grimes et al., 1987). Morphometric variability can be used to
xplore differences among geographically distinct populations; it
as also used to attribute distinct genetic structures or environ-
ental conditions to each geographic location (Kinsey et al., 1994).
 previous study showed that environmental variation leads to
ifferences in population structure, including morphological het-
rogeneity (Tzeng et al., 1998; Begg et al., 1999; Tzeng and Yeh,
999; Giri and Collins, 2004; Collins et al., 2007; Giri and Loy, 2008;
orres et al., 2014). Therefore, morphometric variation between
tock can provide a basis for stock structure, and might be more
∗ Corresponding author at: Institute of Fisheries Science, College of Life Science,
ational Taiwan University, Taipei 106, Taiwan. Tel.: +886 2 33662882;
ax: +886 2 23633171.
E-mail addresses: d99241001@ntu.edu.tw (P.-C. Chen), tdtzeng@stu.edu.tw
T.-D. Tzeng), chshih@mail.tnu.edu.tw (C.-H. Shih), tajen@chu.edu.tw (T.-J. Chu),
812@ntu.edu.tw (Y.-C. Lee).
ttp://dx.doi.org/10.1016/j.limno.2015.03.002
075-9511/© 2015 The Authors. Published by Elsevier GmbH. This is an open acces
y-nc-nd/4.0/).s.  Published  by  Elsevier  GmbH.  This  is an  open  access  article  under  the CC
BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/4.0/).
applicable for studying a short-term, environmentally induced
variation (e.g. in ﬁsheries management) (Begg et al., 1999).
The oriental river prawn (Macrobrachium nipponense) is native
to and broadly distributed throughout East Asia (i.e. China, Japan,
Korea, Vietnam, Myanmar, and Taiwan) (Yu and Miyake, 1972; Cai
and Ng, 2002); it has been introduced to Singapore, the Philippines
(Cai and Shokita, 2006), Uzbekistan (Mirabdullaev and Niyazov,
2005), southern Iraq (Salman et al., 2006), and Iran (De Grave
and Ghane, 2006). In Taiwan, it has a wide distribution covering
almost the entire island. This species was assumed to have origi-
nated in mainland China, and subsequently, dispersed to Taiwan
through the land bridges between Taiwan and China during the
Pleistocene period (Chen et al., 2009). The oriental river prawn
is a non-obligatory amphidromous prawn (Shy et al., 1987, 1996;
Mashiko and Shy, 2008). A number of oriental river prawns remain
in the estuaries to complete their life cycle, whereas some popu-
lations are found in inland freshwater lakes because of a shift in
habitat from estuaries to inland freshwaters (Mashiko, 1990; Tzeng
et al., 1998; Mashiko, 2000; Mashiko and Numachi, 2000).
Spatially disconnected river systems impose unique natural
geographical constraints on freshwater fauna (Avise, 2000). The
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ispersal of freshwater species is usually limited and dependent
n the continuity of drainage basins, including geographic barri-
rs, changes in hydrology, drainage rearrangements, connections
etween drainages, and sea level changes (Bilton et al., 2001).
n particular, several rivers that were separated by the sea later
ecame connected to one another during the glacial period. These
onnected waterways can facilitate the migration of freshwater
auna between river systems. Therefore, geologic events have con-
iderably inﬂuenced endemism and the population structure of
reshwater fauna (Shy et al., 1996; Mashiko, 2000; Mashiko and
umachi, 2000; Mashiko and Shy, 2008; Chen et al., 2009).
Historically, geographic events have been shown to affect the
emographic distributions of freshwater fauna more than of terres-
rial species (Kotlik and Berrebi, 2001). Studies on the population
enetic structure of marine biota have frequently indicated that
rganisms with high dispersal capacity have limited genetic dis-
inction over a large geographic area (Hellberg, 1996; Tzeng, 2004).
hese studies suggest morphometric variability derived from gene
ow between populations.
The morphological features of an organism are not autonomous
nd changes in various aspects of morphology are coordinated
Zelditch et al., 1992). Consequently, unless a speciﬁc morpho-
etric measurement is known to have a genetic foundation,
orphology is best described by using multivariate techniques
Thorpe and Leamy, 1983). Most of the variability in a set of
ultivariate measurements is derived from size (Junquera and
erez-Gandaras, 1993; Anastasiadou et al., 2009). Thus, shape anal-
sis should be free from the effect of size to avoid misinterpretation
f the results (Strauss, 1985). Several univariate and multivariate
Fig. 1. Shadowed areas show the sica 52 (2015) 51–58
techniques can be used to remove the effect of size (e.g. regres-
sion analysis and multiple group principal component analysis
[MGPCA]). These allometric techniques can be used to adequately
achieve size and shape separation and reasonably meet statistical
assumptions (Reist, 1985).
Population genetic and morphometric variation were compared
among different populations of oriental river prawns in different
habitats ranging from the estuarine to fresh-water ecosystems of
Japan (Mashiko and Numachi, 2000). They indicate that populations
from fresh-water are differentiated from estuarine populations in
genetic content and morphometric traits. However, there is still no
information on the stock structure and morphometric characteris-
tics of oriental river prawn populations in Taiwan. Therefore, the
objective of the present paper was to use multivariate statistical
techniques to analyse and compare the size-free shape of different
geographic oriental river prawn populations in Taiwan, to elucidate
the stock structure of this species.
Materials and methods
Sample collection
Eight samples were collected from three estuaries (i.e. Tamsui
River Estuary [TSE], Kaoping River Estuary [KPE], and Houlung River
Estuary [HLE]) and ﬁve reservoirs (i.e. Shimen Reservoir [SMR],
Mingde Reservoir [MDR], Deji Reservoir [DJR], Tsengwen Reservoir
[TWR], and Chengqing Lake Reservoir [CLR]) between December
2013 and January 2014 (Fig. 1). The shrimp cage belongs to cage
ampling areas from Taiwan.
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Table  1
Code of sampling site, sample size, sampling date and mean, standard deviation (SD) and range of carapace length (CL) for male and female Macrobrachium nipponense in
Taiwan.
Area code Sampling site n Sex Sampling date CL (mm)
Mean (SD) Range
TSE Tamsui river estuary 50 f January 2014 16.55 (2.74) 12.11–21.69
51  m 19.89 (3.25) 14.84–26.50
HLE Houlung river estuary 55 f January 2014 17.13 (3.06) 12.54–22.80
51  m 20.20 (3.62) 14.7–31.13
KPE Kaoping river estuary 56 f January 2014 17.11 (3.04) 12.54–22.80
56  m 18.35 (3.41) 11.85–25.22
SMR Shimen reservoir 56 f January 2014 17.51 (2.63) 12.33–22.39
55  m 19.60 (2.87) 14.02–25.69
MDR Mingde reservoir 54 f January 2014 17.50 (2.48) 12.50–22.39
57  m 19.55 (3.64) 13.59–26.42
DJR Deji  reservoir 50 f December 2013 16.29 (2.61) 12.37–21.16
55  m 19.76 (3.68) 14.35–27.24
TWR Tseng Wen  reservoi 55 f December 2013 18.59 (2.18) 13.10–22.61
65  m 
CLR Chengqing Lake reservoir 50 f






















have been misclassiﬁed in the original dataset to the proportionig. 2. Diagram of Macrobrachium nipponense showing the body parts measured.
raps. Collecting was performed with 5.0 mm-mesh trap nets and
.5 mm-mesh dip nets (Mashiko, 2000). The sex was identiﬁed and
ndividuals were separated accordingly. All samples were mea-
ured in fresh conditions. Twelve morphometric measurements
ere assessed for each specimen (Fig. 2), including hepatic spine
idth, Rostrum length, carapace length, diagonal carapace length,
rst abdominal segment length, second abdominal segment length,
hird abdominal segment length, fourth abdominal segment length,
fth abdominal segment length, sixth abdominal segment length,
elson length, and total length. The ranges of carapace lengths of
he samples were restricted to speciﬁc length classes in the present
tudy. The sample size, sampling area code, and the mean and range
f the carapace length are summarised in Table 1. Then, we  per-
ormed a two-way analysis of variance (ANOVA) to test if they were
igniﬁcant differences between sexes, sites and interaction in cara-
ace length. A total of 873 individuals were measured in this study.
ll measurements were rounded to the nearest 0.01 mm.
orphometric variation analysesThe allometric equation Y = aXb was used to remove the effect
f carapace length (X) variation on characteristic length (Y) in each
ample (Reist, 1985; Tzeng et al., 1998; Tudela, 1999; Tzeng, 2004;22.94 (3.99) 14.2–29.83
January 2014 16.29 (2.21) 12.46–21.85
18.54 (3.05) 14.12–28.65
Paramo and Saint-Paul, 2010). It standardizes all characteristics









is the standardised measured length of the ith specimen;
Yi is the measured length of the ith specimen; Xi is the measured
carapace length of the ith specimen; and X¯ is the mean value
of the carapace lengths of the specimens examined. Correlation
coefﬁcients between each pair of characters before and after size
effect removal were checked. In such a case it is expected that the
absolute value of correlation coefﬁcients would decrease after size
effect removal (Murta, 2000). The resulting measurements were
subjected to canonical variate analysis (CVA) and unweighted pair-
group method with arithmetic means (UPGMA).
A dendrogram of the eight samples was  constructed by UPGMA
by using Mahalanobis distances between population centroids to
assess the degree of similarity between the samples (Sneath and
Sokal, 1973; Tzeng, 2004; Rohlf, 2007; Torres et al., 2014). The
Mahalanobis distance was chosen because it is invariant to differ-
ences in scale among variables (Dryden and Mardia, 1998).
Canonical variate analysis, a linear ordination technique, was
also performed to discriminate among samples. The coefﬁcients
of the linear combination obtained through maximising the ratio
of the inter- to intra-group variance deﬁned the canonical vectors
(Owen and Chmielewski, 1985; Tzeng, 2004; Torres et al., 2014).
After the CVA was  conducted, the ﬁrst two canonical scores were
plotted, and the conﬁdence levels for the observed samples were
also shown via 95% conﬁdence ellipse around the mean of each
sample (Owen and Chmielewski, 1985; Tzeng and Yeh, 2002).
To test the signiﬁcance level of the morphometric differences
between different groups derived from cluster analysis and CVA, a
randomisation test was performed (Solow, 1990; Tzeng and Yeh,
1999, 2002). All specimens were randomly assigned to one of two
groups. The new dataset was  then analysed by multivariate dis-
criminant analysis, and the cross-validation estimator (Pc) was
estimated (Solow, 1990). This estimator measures the proportion
of individuals that are misclassiﬁed. Resampling was  performed
1000 times, with a different random permutation for each analysis.
This randomisation test assesses the signiﬁcance of the misclassi-
ﬁcation rate by comparing the proportion of individuals (Po) thatmisclassiﬁed (Pc) in each randomised dataset. The proportion (P)
of the observed Pc that was ≤Po was  calculated. This P-value can
be interpreted in the same way as that of conventional tests of
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Table 2
Correlation coefﬁcients between characters, before and after the removal of the size effect, are respectively shown below and above the diagonal.
(A)Female
Variable HW RL DCL 1PL 2PL 3PL 4PL 5PL 6PL TeL TL
HW 0.10 0.39 −0.08 −0.16 0.11 −0.01 −0.11 0.06 0.30 0.07
RL  0.67 0.17 −0.21 −0.12 −0.20 −0.17 −0.29 −0.09 0.06 −0.12
DCL  0.79 0.78 0.02 0.05 0.02 −0.08 −0.08 0.11 0.31 0.12
1PL  0.36 0.36 0.45 0.60 0.47 0.41 0.39 0.18 0.19 0.21
2PL  0.32 0.43 0.48 0.71 0.49 0.40 0.48 0.31 0.23 0.24
3PL  0.44 0.33 0.44 0.61 0.61 0.40 0.32 0.31 0.19 0.12
4PL  0.30 0.26 0.30 0.53 0.52 0.51 0.39 0.18 0.07 0.16
5PL  0.29 0.28 0.36 0.54 0.61 0.47 0.51 0.27 0.09 0.23
6PL  0.52 0.51 0.60 0.45 0.55 0.52 0.38 0.47 0.19 −0.03
Tel  0.70 0.63 0.73 0.49 0.52 0.48 0.33 0.39 0.57 0.23
TL  0.53 0.58 0.62 0.49 0.53 0.39 0.39 0.48 0.43 0.60
(B)Male
Variable HW RL DCL 1PL 2PL 3PL 4PL 5PL 6PL TeL TL
HW 0.17 0.30 −0.16 −0.12 0.00 −0.05 −0.09 0.00 0.12 0.03
RL  0.69 0.23 −0.24 −0.26 −0.08 −0.12 −0.20 0.06 0.10 −0.30
DCL  0.76 0.81 −0.09 −0.07 0.04 −0.01 0.02 0.04 0.13 −0.02
1PL  0.29 0.36 0.45 0.73 0.56 0.55 0.43 0.23 0.28 0.28
2PL  0.34 0.36 0.47 0.81 0.57 0.48 0.45 0.29 0.25 0.30
3PL  0.43 0.43 0.53 0.68 0.68 0.59 0.34 0.40 0.32 0.22
4PL  0.34 0.42 0.47 0.68 0.63 0.69 0.34 0.27 0.26 0.31





















each sex are shown in Table 3. The majority of total variance was
explained by the ﬁrst two  canonical variables for each sex. The
ﬁrst eigenvalue accounted for 67 and 81% of the total variance for
Table 3
The ﬁrst two eigenvectors and percentages of total variance explained by the ﬁrst
two  eigenvalues obtained from canonical variate analysis.
(A)Female
Variable First eigenvector Second eigenvector
Hepatic spine width −0.25 0.82
Rostrum length −0.13 0.33
Diagonal carapace length −0.31 −0.27
First abdominal segment length −0.08 0.50
Second abdominal segment length 0.17 −0.03
Third abdominal segment length 0.25 0.04
Fourth abdominal segment length 0.37 0.19
Fifth abdominal segment length 0.20 −0.46
Sixth abdominal segment length −0.34 −0.216PL  0.51 0.57 0.61 0.50 0.53 
Tel  0.67 0.76 0.78 0.56 0.55 
TL  0.56 0.59 0.66 0.55 0.58 
igniﬁcance: if it is <5%, then this provides some evidence that the
orphometric difference between the two groups is signiﬁcant; if
t is <1%, then it provides strong evidence that the morphometric
ifference between the two groups is signiﬁcant (Solow, 1990).
All analyses in the present study were performed using the Sta-
istical Analysis System software (SAS, 2014).
esults
Correlation coefﬁcients between characters before and after
ize effect removal are shown in Table 2. Most coefﬁcients were
ighly signiﬁcant before size effect removal and were consider-
bly reduced after. Therefore, all data used in following analyses is
lmost free from size effect.
Dendrograms of the eight samples for females and males are
hown in Figs. 3 and 4. The results for females and males were very
imilar. The eight samples were clustered into two groups. The ﬁrst
roup included all samples from the reservoirs (i.e. DJR, MDR, CLR,
nd TWR), except SMR; the second group included the SMR, TSE,
LE, and KPE samples. The second group might be further divided
nto two subgroups. The ﬁrst subgroup included SMR; the second
ubgroup included all three estuarine samples. Therefore, at least
hree clusters were identiﬁed among the eight samples.
ig. 3. Dendrogram for eight sampling areas for female data set, WS-reservoir group
WSG), N-reservoir group (NRG), and Estuarine group (EG).0.64 0.52 0.55 0.26 0.16
0.59 0.54 0.50 0.65 0.16
0.51 0.57 0.60 0.56 0.68
The ﬁrst two  eigenvectors and the percentages of total variance
explained by the ﬁrst two  eigenvalues obtained from CVA forTelson length −0.15 −0.09
Total length 0.89 0.16
Eigenvalue 1.79 0.42
Percentage variance 67% 15%
(B)Male
Variable First eigenvector Second eigenvector
Hepatic spine width −0.23 0.21
Rostrum length −0.17 −0.15
Diagonal carapace length −0.50 0.39
First abdominal segment length 0.00 0.26
Second abdominal segment length 0.18 −0.16
Third abdominal segment length −0.06 −0.39
Fourth abdominal segment length 0.19 −0.58
Fifth abdominal segment length 0.12 −0.02
Sixth abdominal segment length 0.05 0.77
Telson length −0.13 −0.37
Total length 0.97 0.22
Eigenvalue 3.47 0.33
Percentage variance 81% 8%
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Two-way ANOVA (sex×site) of carapace size measured at eight study sites in Mac-
robrachium nipponense.
df F value p (F)
Sex 1 167.78 <0.001
Site  7 12.47 <0.001Fig. 4. Dendrogram for eight sampling areas for male data set, WS-re
emales and males, respectively; the second eigenvalue accounted
or 15 and 8% of the total variance for females and males, respec-
ively. The measurements of primary importance in the ﬁrst and
econd eigenvectors were the total length (0.89) and the Hepatic
pine width (0.82) and the total length (0.97) and the sixth abdom-
nal segment length (0.77) for females and males, respectively. The
lotting of 95% conﬁdence ellipses around the means of the ﬁrst
wo canonical scores for each sex is shown in Fig. 5. The results
or females and males were very similar. The eight samples were
ig. 5. Plot of 95% conﬁdence ellipses around sample from (a) female and (b) male
preads and group means of ﬁrst two  canonical scores, the WS-reservoir group
WSG), the N-reservoir group (NRG), and the Estuarine group (EG).
Sex × site 7 2.90 0.005
If the results of an ANOVA indicated signiﬁcant treatment effects at the 0.05 proba-
bility level (p).
clustered into at least three groups. The WS-reservoir group
included four reservoir samples (i.e. DJR, MDR, CLR, and TWR); the
N-reservoir group included the sample from SMR; and the estuarine
group included all estuarine samples (i.e. TSE, HLE, and KPE).
Based on the results of the cluster analysis and CVA, the indi-
viduals from the TSE, HLE, and KPE samples (i.e. Estuarine group,
EG) and specimens from the DJR, MDR, CLR, and TWR  samples (i.e.
West-South-reservoir group, WSG) were separately pooled as two
new datasets for each sex. The individuals from SMR  (i.e. North-
reservoir group) were regarded as a single dataset, which was also
analysed in a randomisation test for each sex. Besides, all popu-
lations exhibited allometric relationships between the carapace
length and had a statistically signiﬁcant relationship. The carapace
length was signiﬁcantly different between sexes and sites (Table 4).
The Po values between the West-South Reservoir groups, Estu-
arine groups, and between the Estuarine and North Reservoir
groups for females were 0.13–0.01, respectively (Fig. 6a–c). The
Po values between the WS-reservoir and Estuarine groups and
between the Estuarine and N-reservoir groups for males were
0.14–0.02, respectively (Fig. 6d–f). All results from the randomisa-
tion tests were signiﬁcant (P = 0), which indicates that it is unlikely
that the extremely low misclassiﬁcation rates were a result of
chance alone and morphometric differences between the three
groups were signiﬁcant.
Discussion
The ﬁndings suggest that the eight samples into a minimum
of three groups. The ﬁrst group included the TSE, HLE, and KPE
samples (i.e. Estuarine group); the second included the DJR, MDR,
CLR, and TWR  samples (i.e. West-South-reservoir group), and the
third included the SMR  (i.e. North-reservoir group). The results
of randomisation test show that it is unlikely that the extremely
low misclassiﬁcation rates from the original dataset are a result
of chance alone. Therefore, there are signiﬁcant morphological
divergences between the three groups. Animals with the same mor-
phometric measurements are often assumed to constitute a stock
(Waldman et al., 1988; Giri and Collins, 2004; Collins et al., 2007;
Giri and Loy, 2008; Torres et al., 2014). If a stock is considered
56 P.-C. Chen et al. / Limnologica 52 (2015) 51–58


























Yroup  and the N-reservoir group for female, (c) the Estuarine group and the N-rese
e)  the WS-reservoir group and the N-reservoir group for male, (f) the Estuarine grou
o,  misclassiﬁcation rate estimated from the original dataset.
n intraspeciﬁc group of individuals exhibiting unique phenotypic
ttributes (Tzeng et al., 1998; Tzeng and Yeh, 1999; Mashiko and
umachi, 2000; Tzeng, 2004), the results of the present study indi-
ate at least three morphologically distinguishable stocks of M.
ipponense in Taiwan.
Although morphometric studies have been proven valuable in
roviding insight into the discrimination of marine stocks, several
actors may  confound the analytical results of a morphological
elationship between geographically distinct populations (e.g.
exual dimorphism, timing of sampling, and allometric growth)
Kinsey et al., 1994; Giri and Collins, 2004; Collins et al., 2007; Giri
nd Loy, 2008; Torres et al., 2014). The present paper attempts to
inimise variances caused by these parameters through using the
ize correction technique, approaching sampling times, narrowing
he differences in sizes between samples, and statistical analyses
y sex. Restricting sample comparisons to speciﬁc length classes
ight disregard ontogenetic changes within samples, which
ould be necessary for meaningful descriptions of morphometric
ifferences (Bookstein et al., 1985). However, this effect might not
e serious in the present study, because there is a small range of
arapace lengths in each sample. Size-related characteristics play
 signiﬁcant role in morphometric analysis, and the results maybe
rroneous if not adjusted for statistical data analyses (Tzeng and
eh, 1999; Tzeng, 2004; Sajina et al., 2011; Torres et al., 2014).roup for female, and (d) the WS-reservoir group and the Estuarine group for male,
 the N-reservoir group for male, P, proportion of Pc < Po among 1000 permutations;
Morphological differences are solely related to body shape varia-
tion if the effects of size are successfully removed (Tzeng and Yeh,
2002; Anvarifar et al., 2011). In the present study, we successfully
removed the size effect by allometric transformation of the data.
Therefore, the signiﬁcant differences between the eight samples of
the oriental river prawn in Taiwan can be attributed to variations
in body shape. Results also indicate that there were signiﬁcant
differences among study sexes and sites (Table 4).
The signiﬁcant morphometric variation between the WS-  and
N-reservoir groups is of particular interest. In Taiwan, previous
studies have shown that the phylogeographic patterns of freshwa-
ter ﬁsh usually indicate a close relationship between populations
of the west-central and northern regions (Wang et al., 1999; Tzeng,
1986; Wang et al., 2007). However, the present results show that
populations of the oriental river prawn of the west-central and
southern regions are closely related, as indicated by two fresh-
water ﬁsh (Wang et al., 2000; Wang et al., 2004) and one fresh
prawn (Liu et al., 2011). This may  have been caused by two  incur-
sive colonisation scenarios, through which species migrated from
China to Taiwan. One migratory route entails dispersal into north-
ern Taiwan; the other migratory route entails an initial dispersal
through the west-central region and a subsequent dispersal north-
ward and southward (Liu et al., 2011). The Miaoli Plateau formed
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wo colonisation events (Tzeng, 1986). To form and maintain dis-
rete stocks, a moderately high degree of reproductive isolation is
ssential (Horrall, 1981).
Signiﬁcant morphometric variation between reservoir and estu-
rine populations were also found, and that could be improved by
he differences in ﬁshery biology between these two populations.
ashiko (1983a) indicated that the estuarine group spawns a large
umber of small eggs, and the freshwater group spawns a small
umber of large eggs. The growth of upper freshwater individuals
as noticeably depressed, but most of the females seemed to spawn
t one year of age, which is similar to the estuarine females during
early the same breeding season (Mashiko, 1983b). The body sizes
f females at maturity were signiﬁcantly smaller in populations
nhabiting fresh waters than those found in populations inhabiting
rackish-water lakes (Mashiko, 2000).
No signiﬁcant difference was found among the estuarine sam-
les in this paper. The migratory distance of the oriental river prawn
n estuary was limited (Mashiko and Numachi, 1993, 2000). There-
ore, the dispersal of larvae often play important role in reducing
ariation between stocks or populations. Ocean currents, therefore,
lay a major role in the dispersal of a species. For the oriental river
rawn, it took 28 days for zoea larvae to metamorphose into juve-
iles (Wu  and Tang, 1990). A portion of the Kuroshio Current ﬂows
nto Taiwan Strait along the south-western coast of Taiwan, and the
ater masses of the South China Sea ﬂow through the Taiwan Strait
nto the East China Sea (Fig. 1). The three sampling areas were pri-
arily exchange overlaid by Kuroshio water masses and the water
asses of the South China Sea.
onclusion
This study was to use multivariate statistical techniques to ana-
yse and compare the morphometric differences of Macrobrachium
ipponense,  and at least three morphologically distinguishable
tocks in Taiwan are obtained. There were also signiﬁcant differ-
nces between estuarine and freshwater populations in Taiwan.
o signiﬁcant morphometric difference was found between estu-
rine samples in this paper, and ocean currents may  play important
ole in reducing variation between these three samples. There were
igniﬁcant differences between reservoir samples. Particularly, the
ample from Shimen Reservoir (the N-reservoir group) is evidently
ifferent from the rest reservoir samples (WS-reservoir group),
nd that may  be derived from different evolutionary origins or
eographic events. The current results and discussions here are
ssential to be further veriﬁed using molecular techniques in the
uture.
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